Diabetes is increasingly common in the U.S. and worldwide ([@B1],[@B2]). Elevated blood glucose, blood pressure, and LDL cholesterol are associated with increased risk for micro- and macrovascular complications, and their reduction decreases the risk ([@B3]--[@B8]). Nevertheless, most patients with diabetes do not have A1C, blood pressure, and LDL cholesterol under control ([@B9],[@B10]).

American and European guidelines widely recommend diet, exercise, and weight counseling with follow-up for patients with diabetes ([@B11],[@B12]). Many short-term randomized clinical trials have shown that intensive lifestyle counseling interventions of up to 1 year in duration can lead to lower blood glucose ([@B13]--[@B16]) and blood pressure ([@B17]--[@B21]), but long-term data on the efficacy of lifestyle counseling are lacking ([@B22]--[@B24]). Furthermore, clinical trials typically involve resource-intensive interventions that may not be feasible in routine care, and the efficacy of lifestyle counseling in everyday clinical practice remains questionable ([@B25]--[@B27]). Consequently, further evidence is needed to establish that lifestyle counseling as practiced in routine care improves the outcomes of patients with diabetes.

We therefore conducted a retrospective study of over 30,000 patients with diabetes and hyperglycemia, hypertension, and/or hyperlipidemia who received care in a primary care setting to test the hypothesis that higher rates of lifestyle counseling in routine care are associated with better diabetes control.

RESEARCH DESIGN AND METHODS {#s5}
===========================

We conducted a retrospective cohort study to determine the optimal lifestyle counseling rate for patients with diabetes. We evaluated the relationship between the average counseling rate and time to A1C, blood pressure, and LDL cholesterol control.

Study cohort {#s6}
------------

Patients with diabetes seen by primary care physicians (PCPs) affiliated with the Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH) for at least 2 years between 1 January 2000 and 1 January 2010 were identified. Patients were included in the analysis if they were at least 18 years old, had a documented diagnosis of diabetes or hemoglobin A1C ≥7.0%, and at least one instance of A1C, blood pressure, or LDL cholesterol above treatment target. Patients with missing zip codes were excluded to enable adjustment for median household income by zip code.

This study was approved by the Partners HealthCare System institutional review board; the requirement for written informed consent was waived.

Study measurements {#s7}
------------------

A single uncontrolled period served as the unit of analysis. We conducted four analyses: one for each of the three treatment targets (A1C, blood pressure, and LDL cholesterol) and a combined analysis that integrated all three. We used treatment goals recommended at the beginning of the study period: A1C \<7.0% ([@B28]), blood pressure \<130/85 mmHg ([@B28],[@B29]), and LDL cholesterol \<100 mg/dL ([@B28]). For analyses of individual treatment targets, an uncontrolled period started on the day when the relevant measurement (A1C, blood pressure, or LDL cholesterol for hyperglycemic, hypertensive, and hyperlipidemic periods, respectively) was noted to first be above the treatment target. The period ended on the first subsequent date when the measurement fell below the target. As patients' measures could fluctuate above and below target multiple times during the study period, one patient could contribute more than one period to the analysis. A combined uncontrolled period started on the first date when any of the three measures was above the treatment target and ended on the first subsequent date when all of the measures were below their targets. Last known value was carried forward if all measurements were not available on the same date.

The lowest measurement on a given date was used in the analysis. Lowest blood pressure was defined as the blood pressure measurement with the lowest mean arterial pressure. Transient elevations were defined as periods that contained only a single elevated measurement that subsequently normalized without any medication intensification and were excluded from the analysis. Uncontrolled periods without at least one annual encounter with a BWH/MGH PCP were excluded. Periods without any medication information available in the electronic medical record (EMR) were excluded to enable inclusion of insulin treatment as a confounder variable in the analysis. Periods that contained multiple encounters with an endocrinologist were excluded to focus the analysis on the primary care setting. Finally, hyperglycemic and hyperlipidemic periods where rate of change of A1C and LDL cholesterol, respectively, was greater than 3 SD from the mean were excluded to eliminate likely measurement errors from the analysis. Time to target for A1C, blood pressure, and LDL cholesterol during the respective uncontrolled periods was the length of the uncontrolled period. Lifestyle counseling instances were defined as distinct days when a PCP provided diet, exercise, or weight counseling during the uncontrolled period. Documentation of lifestyle counseling was computationally abstracted from the notes, including direct, such as "strongly encouraged more walking," and inferred, for example "weight has gone up," instances of lifestyle counseling, as previously described ([@B30]). We inferred lifestyle counseling if the subject was referred to in a way that made it likely that it was discussed with the patient (e.g., not simply weight recorded in the vital signs section). The natural language processing software was previously validated and had a sensitivity and specificity that ranged between 91--97 and 88--94%, respectively. Weight counseling was limited to periods when the patient had BMI ≥30 kg/m^2^. During the study period, none of the study practices had a program that encouraged a particular type of lifestyle counseling or monitored lifestyle counseling delivered by providers. To capture both face-to-face and remote interactions between patients and providers, we defined any note in the EMR as an encounter and any direct or inferred mention of lifestyle counseling in the notes as lifestyle counseling. Dates on which billing data included Current Procedural Terminology codes for evaluation and management were considered face-to-face lifestyle counseling encounters, whereas all other instances of lifestyle counseling were considered remote. Average lifestyle counseling rate was calculated by dividing the number of instances of lifestyle counseling by the period length. In our analyses, we categorized counseling rates as once or more per month, as less than once per month and once or more per 6 months, and as less than once per 6 months. Mean encounter interval was determined by dividing the period length by the number of encounters with PCPs during that period. Medication intensification was defined as initiation of a new or an increase in the dose of an existing medication ([@B31]). Medication intensification rate was defined as the number of unique dates per month on which at least one medication in the relevant class was intensified. The patient's PCP was defined as the physician in a primary care practice who had the most encounters with the patient during the uncontrolled period.

Demographic information, weight, height, blood pressure measurements, and medication and laboratory data were obtained from the EMR at Partners HealthCare---an integrated health care delivery network in eastern Massachusetts that includes BWH and MGH.

Statistical analysis {#s8}
--------------------

Summary statistics were constructed by using frequencies and proportions for categorical data and using means, SDs, medians, and ranges for continuous variables. Log-rank test was used to compare times to A1C, blood pressure, and LDL cholesterol targets between different counseling rates.

Marginal Cox proportional-hazards model for clustered data ([@B32]) was used to estimate the association between time to target and lifestyle counseling rate while accounting for clustering within patient-provider pairs. Two models were run: one with an overall lifestyle counseling rate and one with separate rates for face-to-face and remote lifestyle counseling. The models also adjusted for demographic confounders (age, sex, race, primary language, health insurance, and median income by zip code) as well as a patient's Charlson comorbidity index ([@B33]) for the period of the study, insulin administration as a marker of severity of disease (in hyperglycemic and combined uncontrolled periods), PCP encounter frequency, medication intensification rate, presence of obesity during the period, A1C and LDL cholesterol measurement rate and maximum A1C, systolic blood pressure, diastolic blood pressure, and LDL cholesterol (where appropriate). *P* values were obtained using a type III test.

All analyses were performed with SAS statistical software, version 9.2 (SAS Institute, Inc., Cary, NC).

RESULTS {#s9}
=======

We identified 37,863 adults with diabetes who were regularly seen by BWH or MGH PCPs and had experienced at least one hyperglycemic, hypertensive, or hyperlipidemic period ([Supplementary Fig.](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1635/-/DC1)). We excluded 6,702 hyperglycemic, 5,760 hypertensive, and 6,428 hyperlipidemic patients because of treatment by endocrinologists; no PCP at BWH or MGH; no medication records; only transient elevations in A1C, blood pressure, and LDL cholesterol; suspected A1C or LDL cholesterol measurement errors; and missing demographic information. The remaining 17,404 hyperglycemic, 30,784 hypertensive, and 18,639 hyperlipidemic patients (a total of 30,897 unique individuals) were included in the study.

Study patients ([Table 1](#T1){ref-type="table"}) did not have their A1C, blood pressure, or LDL cholesterol under control 71.3% of the time, and 66% of patients never achieved full control during the study period. Their mean initial A1C, blood pressure, and LDL cholesterol at the beginning of the respective uncontrolled periods was 8.1%, 140/78 mmHg, and 126.8 mg/dL ([Table 2](#T2){ref-type="table"}). Subsequently median times to reach treatment targets ranged from 19 weeks (for hypertensive patients) to over 16 months (for hyperlipidemic patients). Hyperglycemic patients had A1C above target a mean of 46.5% of the time, hypertensive patients had uncontrolled blood pressure 42.0% of the time, and hyperlipidemic patients had elevated LDL cholesterol 46.7% of the time.

###### 
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Median face-to-face lifestyle counseling rates ranged from once every 5.3 months for hyperglycemic periods to once every 8 months for hypertensive periods, whereas median remote lifestyle counseling rates ranged from once every 25 months for hyperglycemic periods to never for hypertensive periods ([Table 2](#T2){ref-type="table"}). Mean times between patient encounters with a PCP were 1.9 months when hyperglycemic, 1.5 months when hypertensive, and 2.3 months when hyperlipidemic. During hyperglycemic periods, A1C testing occurred on average just over once every 4 months, blood pressure was measured once every month during hypertensive periods, and LDL cholesterol was measured once every 6 months during hyperlipidemic periods. Antihyperglycemic medications were intensified on average just over once every 11 months, antihypertensive medications once every 4.5 months, and antihyperlipidemic medications almost once every 17 months. Overall, patients with at least one of the measurements above target had their treatment intensified on average once every 6 months.

Lifestyle counseling rate and time to treatment target achievement {#s10}
------------------------------------------------------------------

In all treatment categories, time to treatment target rose progressively at the less frequent rates of lifestyle counseling ([Fig. 1](#F1){ref-type="fig"}). Compared with patients with mean face-to-face counseling rate of once or more per month, median times to A1C target for patients whose mean counseling rates were between once per 1--6 months and less than once per 6 months were 3.5 months (95% CI 3.2--3.7) vs. 14.0 (13.6--14.5) vs. 22.7 (21.8--23.5); time to blood pressure target was 3.7 weeks (3.6--3.7) vs. 5.1 months (5.1--5.2) vs. 5.6 (5.5--5.7) months and time to LDL cholesterol target was 3.5 months (3.0--3.8) vs. 15.6 (15.2--16.0) vs. 24.7 (24.1--25.4), respectively. For all treatment targets combined, median time to target was 3.9 (3.7--4.0) weeks vs. 13.5 months (13.0--13.9) vs. 13.1 (12.9--13.5) with mean face-to-face counseling rates of once or more per month versus once per 1--6 months versus less than once per 6 months.

![Lifestyle counseling frequency and time to treatment target. Kaplan-Meier curves for time to treatment target from first elevated A1C, blood pressure, or LDL cholesterol were plotted for different average counseling rates. Distinct uncontrolled periods (from the first elevated to the first normal measurement) for the same patient were analyzed separately. *A*: Lifestyle counseling frequency and time to A1C target. *B*: Lifestyle counseling frequency and time to blood pressure target. *C*: Lifestyle counseling frequency and time to LDL cholesterol target. *D*: Lifestyle counseling frequency and time to combined target. DBP, diastolic blood pressure; LDL, LDL cholesterol; SBP, systolic blood pressure.](334fig1){#F1}

As counseling rates decreased, the proportion of patients who never reached treatment targets rose steadily. Comparing patients with mean face-to-face counseling rates of once or more per month to between once per 1--6 months and less than once per 6 months, uncontrolled periods that never reached treatment target increased from 11.0 to 28 to 35.9% for hyperglycemic patients, from 5.63 to 7.2 to 8.86% for hypertensive patients, and from 15.6 to 18.2 to 25.8% for hyperlipidemic patients. For all treatment targets combined, the proportion of uncontrolled periods that never achieved all targets was 9.3% for counseling rates of once or more per month versus 26.0% for counseling rates between once per 1--6 months versus 30.5% for counseling rates of less than once per 6 months.

In multivariable Cox proportional hazards models adjusted for demographic characteristics, presence of obesity during the uncontrolled period, Charlson comorbidity index, insulin administration (in hyperglycemic and combined uncontrolled periods), maximum A1C, systolic blood pressure, diastolic blood pressure, and LDL cholesterol (where relevant), rate of A1C and LDL cholesterol measurement (where relevant), visit frequency, and medication intensification, one additional episode of face-to-face lifestyle counseling per month was associated with hazard ratios of 1.7 for A1C control (*P* \< 0.0001) ([Table 3](#T3){ref-type="table"}), 1.3 for blood pressure control (*P* \< 0.0001), and 1.4 for LDL cholesterol control (*P* = 0.0013). In multivariable analysis of combined uncontrolled periods, an increase of one face-to-face lifestyle counseling instance per month was associated with a hazard ratio of 1.9 for achieving control of all treatment targets (*P* \< 0.0001). For most measures, remote lifestyle counseling rates were also associated with faster time to target, but hazard ratios were smaller than those for face-to-face lifestyle counseling. A combined face-to-face and remote lifestyle counseling rate analysis was also conducted; results for this multivariable analysis are provided in Supplementary Appendix A.

###### 
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CONCLUSIONS {#s11}
===========

In this large, retrospective study, we have demonstrated a strong association between lifestyle counseling and glucose, blood pressure, and LDL cholesterol control in patients with diabetes. This association was independent of other treatment processes that could colocalize with lifestyle counseling, including frequency of patient-provider encounters, medication intensification, and rates of A1C or LDL cholesterol measurement.

Several clinical trials have previously documented the benefit of lifestyle counseling on control of glucose ([@B13]--[@B16]) and blood pressure ([@B17]--[@B21]), but many providers question whether results of expensive and tightly controlled clinical trials apply to their practice. This study provides evidence for the efficacy of lifestyle counseling as practiced in routine patient care and lends support to the current treatment guidelines for patients with diabetes.

Few clinical trials of lifestyle counseling had follow-up longer than 12 months ([@B21]); this study, with an average length of follow-up time per patient of almost 7 years, provides evidence for long-term effects of lifestyle counseling. This is particularly important because some studies suggest that effects of intensive diet and exercise interventions may not be durable ([@B24],[@B34],[@B35]). Our findings suggest that, on the contrary, persistent lifestyle counseling has lasting effects. Our results confirmed that intensive counseling is needed to achieve benefits: the effects of lifestyle counseling were particularly pronounced in patients who were counseled at least once a month.

Studies have shown that lifestyle counseling in the U.S. remains inadequate ([@B36]--[@B39]). Despite the focus on lifestyle changes in many treatment guidelines, one study showed no difference in prevalence of exercise counseling in a sample of the U.S. population in 2002 compared with 1995 ([@B39]). Further education of physicians on the importance of lifestyle counseling and its positive impact on patient behavior and health outcomes may be necessary. Physicians may provide more counseling to underserved populations if made aware that patients with lower income, lower education level, who are male ([@B37]) and non--English speaking ([@B38]) receive lifestyle counseling at lower rates, compared with other equally high-risk patients.

Lifestyle counseling is time consuming. Therefore, implementation of current guidelines may require modification of the prevalent physician-patient treatment care model. One option may be to increase the role of midlevel providers, such as nurse practitioners, physician assistants, nutritionists, or exercise physiologists. Another option may be to implement group counseling sessions in order to more efficiently educate and address patients' concerns.

This study used advanced computational technology that permitted cost- and time-efficient analysis of thousands of patient records, including examination of hundreds of thousands of narrative provider notes in a matter of hours. In the future, similar technologies could also be used to monitor quality of patient care and/or supply feedback to providers.

Our study had several limitations. The software we used to identify documentation of lifestyle counseling did not provide details on the specific counseling approach or the type of diet or exercise recommended to the patient. However, little evidence exists for superiority of any one approach over the others ([@B24],[@B26]). It is therefore likely that multiple different counseling techniques can be successful, and specific type of counseling should be chosen in accordance with the particular patient and clinical circumstances. Information on the extent to which counseling followed a structured format (e.g., 5As) was not obtained because it is frequently absent in narrative documentation ([@B40]). The software we used did not distinguish between lifestyle counseling aimed to address hyperglycemia, hypertension, and hyperlipidemia severally, which may have led to an overestimate of lifestyle counseling rates associated with any one uncontrolled period. However, this lack of specificity should have biased our findings toward the null hypothesis. In our analysis, we did not analyze individual effects of diet, exercise, and weight counseling. However, their effects are likely overlapping because both diet and exercise, for example, can lead to weight loss. Furthermore, the best approach to counseling may differ depending on the individual patient and their readiness to change, rendering any statement about relative efficacy of different counseling types moot. We therefore chose to combine all lifestyle counseling into a single measure to avoid this type of confounding. The retrospective nature of this study does not allow us to make causal inferences about the relationship between counseling rates and time to glucose, blood pressure, and LDL cholesterol control in patients with diabetes. It could also have led to an analytical bias. For example, when lifestyle counseling is sparse, shorter uncontrolled periods are more likely to have had no counseling episodes. However, this bias would have predisposed against the strong inverse association between lifestyle counseling and the length of uncontrolled periods that we have found. Furthermore, most uncontrolled periods in our study were substantially longer than the average observed rate of lifestyle counseling, making an artifactual association between lifestyle counseling rate and the length of uncontrolled period unlikely. Additionally, we were unable to distinguish between patients with type 1 and type 2 diabetes; however, the majority of patients in this population have type 2 diabetes, so our findings may not be applicable to patients with type 1 diabetes.

In summary, this large long-term retrospective study found that lifestyle counseling is associated with faster achievement of A1C, blood pressure, and LDL cholesterol control in routine patient care, consistent with findings of randomized controlled studies. Monthly lifestyle counseling was associated with a particularly strong effect and could be recommended for patients at particularly high risk of complications from uncontrolled diabetes. Interventional studies are needed to further establish optimal type and frequency of lifestyle counseling and its effects on the micro- and macrovascular complications of diabetes.
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======================
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This article contains Supplementary Data online at <http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1635/-/DC1>.
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